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The software for ICP device smulation is worked out. Discharge chamber geometry, RF power, pressure and work-
ing gas type are the input data. The results of calculation are inductor voltage, ion current density distribution on the
chamber surface, steady state space distributions of the electric field, plasma density and eectron temperature in the
chamber. Set of 2D parameter distributionsis visualized immediately after calculation. The software had been carefully
verified by comparing the calculation results with real data measured experimentally. The comparison has shown that
both calculated 2D plasma density and electron temperature profiles and ion current density distribution on the proc-
essed surface are quite realistic. Graphicd geometry input, fast caculation and immediate result visualization makes it
possibl e to use our software for interactive devel opment of ICP technological todls.

PACS: 52.35.Hr

1. BASIC EQUATIONS

In the paper [1] 2D fluid model was built which al-
lowed to calculate basic parameters of ICP dischargein a
simple cylindrical chamber. At the same time real techno-
logical ICP devices have chambers of more complicated
shape. In this work we present software specifically
aimed to solve this problem in arbitrary chamber of cylin-
drical symmetry. It calculates the eectron density, elec-
tron temperature, dectric field and particle flows distribu-
tions, if the chamber geometry, gas pressure and input
power are given.

The problem is considered in cylindrica coordinates
r.g,z. The ambipolar diffusion and electron heat conduc-
tivity equations set was used for the transport processes
modding [2]:
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where n - plasma density, D, - ambipolar diffusion co-
efficient, N - particle sources density, T - electron tem-
perature, m, m, - ion and electron masses, n; , Ny, , Ny
are the ionization, electron-neutral and ion-neutral colli-
sion frequencies, ¢ - electron heat conductivity, Q - heat

sources density, p- working gas pressure, k; -rate coeffi-
cient of | -th reaction between eectron and neutral, w -
input power density. We assume that particle velocity on
the wall is equa to ion sound velocityug = \/m
Then, particle flow on thewall is:

- D,Nn|,, = nug. 7)

Heat flux on the walls is formed by the electrons with
energies more than sheath potential drop. In the assump-
tion of Maxwellian EEDF, the heat flux is:

- cNT|,, =nTug (2+In,/m/me). (8)

Expressions (7,8) make up the boundary conditions for
(1,2). Rate coefficients were approximated from the data
obtained with the help of BOLSIG+ program [3].

RF dectric field E with the angular frequency W re-
|
sults in the dectric current density j in plasma, that in

linear approach depends on E by Ohm law:
Lo . €en
j=sE, s=zi————, (9)
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where s is the RF conductivity of plasma. Due to axid
symmetry of the problem only angular component of the
RF dectric field isnot equal to zero, E =(0, Ey,0), there-
fore, it can't disturb the electric charge volume density
r , because of plasma density does not depend on angle
coordinate. Then NE =4pr =0, and from Maxwellian
equations and quasi-static approach we obtain that
DE-d 2E=0, (10)

d’2=-4pi£23 =w?2/c?, (11)
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where d is the skin depth, w, is the plasma frequency.

Energy input in plasma is accounted as Joule heating and
is described by term w inright part of (6):
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Boundary conditions for (10) are

Eq =0 on themetal walls (13)
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In the (15) t is a unit vector tangential to the inductor
surfaceand liedin (r, z) plane, a denotes wire radius of
the inductor, and | - the amplitude of the electric current
flowed through the inductor.

2.NUMERICAL SOLUTION
Transport equations set (1-2) and the equation for the
electric field strength (10) are solved iteratively to obtain
steady state self-consistent solution. The electric field,
and then heat source density w do not vary when trans-
port set is solved; in turn plasma density n, and then skin
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depth d are constant during the solution of the equation
for electric field. An initial guess is needed the iterations
to start. It is obtained from the egenvalue problem solu-
tion (T,=const over the discharge chamber). Total

power input in discharge is set to constant value and is
one of the input parameters. Then, input power density
w should be normalized correspondingly before the
transport equations set is treated.

The code was totally realized in MATLAB-6.0.0.8 r12
environment because of excellent partial differential equa-
tion functions library (PDE toolbox) is included in it. In
accordance with PDE toolbox paradigm, we should give
the following form to the system of equations (1)-(6),(7)-

(8):

P2
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The boundary conditions of Neumann type looks as:
oog il
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In (15), (16) n isthe number of equations, a, isthe an-
gle between outward normal to the surface and direction
of X, axis. In the case of the transport equation set:
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For the electrodynamics set (10, 13, 14) we have:
U=E,, Cyy =Cyp =-1, A=-w5/c?, (21)
. 2N
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ca
where met and ind subscripts denote metal surfaces and
inductor surface correspondingly. The value of inductor
current | can be obtained during the normalization of w .
All unmentioned componentsof C, A, q,g areequd to
zero. After applying of finite element method transport
equations take form

Ku=F, (23)
where u is the solution vector and matrices K and F
depend on u. We submit (23) in the traditional form for
the nonlinear solvers applying:

Ku- F=Au)=0 (24)
Equation (24) allows using the Newton iteration process
in accordance with the known formula:

u™t =u" + sTA/ Tusu)", (25)
where fA/fu is the Jacoby matrix calculated on n-th
iteration, s -parameter, which should be adjusted in limits
0.1<s<1 for iteration convergence. All quantities in-
cluded in A in (24) vary with U under calculation of

YA/ qlu, with exception of w . Thelastisfoundin u" and
assumed to be constant under Jacoby matrix calculation.
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Fig. 1. Schematic diagram of the ICP reactor

3. COMPARISON WITH THE EXPERIMENT

The software had been verified by comparing the cal-
culation results with real data measured experimentally.

Fig.1. presents sketch of the working chamber of the
rea setup used for the model testing and adjustment is
shown. Inductive cail is fed by RF power of 0.1...1 kW
range and 13.56 MHz frequency. Argon was used as
working gas under pressures 0.3 mTor...1 Torr. Fig.2
presents dependences of T and n on pressure.
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Fig.2. T and n in the chamber center vs. argon pressure.
Bold lines— experimental results

Reliahility of the model under low pressures (<10 mTorr)
is limited by the validity of the diffusive approach due to
relatively high mean free path of charged particles. So,
the discrepancies between measured and calculated values
of T and n inthelow pressureregion looks natural.

Fig.3 depicts the radial dependence of the ion current
density on the base of the chamber. The probe was set on
the chamber axis. Calculated curves shows similar behav-
ior with measured one. Presence of typica maximum en-
sures one in the model reliability.

Fig.4 shows normalized ion current density profiles on
substrate holder.

At the Fig. 5 the set of caculated radial distributions
of the ion current density on the substrate holder is pre-
sented. Sequence of profiles follows the behaviour of the
curveon Fig. 2.

The comparison has shown that results of calculations
at argon pressures > 0.01 Torr are in good agreement with
all obtained experimental data.
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Fig.3. lon current density at the chamber bottom and side Fig.5. Pressure dependence of | radial profiles
walls vs. argon pressure. Bold lines— experiment
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Fig.4 Normalized j profiles on the substrate holder

ABYMEPHAS THIPOJUHAMHAYECKAA MOJEJIb 1A UHTEPAKTUBHOWM PA3PABOTKH
TEXHOJJIOI'HYECKHUX YCTPOUCTB HA BA3E UHAYKTHUBHOI'O PA3PSIJIA

A.B. I'anon, A.H. /laxos, C.B. /[youn, A.B.3vikoe, H.A. Azapenkos

Pa3paboraHo mporpammHOe obecriedeHne Uil MOAEIUPOBAHHUSA yCTPOWCTB, COAEPXKAIIMX IIa3My WHIYKTHBHOTO
ra30BOTO pa3psijga. BXOTHBIMH JaHHBIMH SIBISIOTCSI T€OMETPHS KaMmepbl, BBOAMMAs MOIIHOCTb, JABICHHE pabodero
ra3a. B pesynpraTe pacuéra mosydaroTcs HanpsDKEHHE Ha MHIYKTOpE, paclpelelleHHe TOKAa HMOHOB 110 IMOBEPXHOCTU
pa3psAHON KaMephl, yCTaHOBUBIIHECS IPOCTPAHCTBEHHBIE PACIPENEIICHUS MIEKTPUUECKOrO MOJIs, IIIOTHOCTH IIa3MBI,
1N DIEKTPOHHOM Temmeparypsl. PacmpeneneHuss HCKOMBIX BEIUYMH BH3YAIM3HPYIOTCS HEMOCPEACTBEHHO IOCIE
BBIUMCIIEHHUA. Pe3ynpTaTel CcuéTa TINATETBHO CBEPSUINCH C OKCIIEPUMEHTAJIBHBIMU JAaHHBIMU. locunTaHHBIE
pacripeseneHus IUIOTHOCTH M TEMIIEpaTyphl IDIa3Mbl, a TaKKe paclpeeNieHns] HOHHOTO TOKa Ha 00pabaThIBaeMOM
MOBEPXHOCTH BBITJISIIAT JOBOJBHO peaTMCTHYHO. [ padmuecknii nHTEpdeiic, CKOPOCTh pacyéra U HEMOCPEACTBEHHASL
BU3YyaJIN3alsl pe3ynbTaTra JafoT BO3MOXKHOCTh MCIOJB30BAaTh JAHHOE OOECIeueHHe AJIsl MHTEPaKTHBHON pa3paboTKu
TEXHOJIOTUUECKUX YCTaHOBOK.

ABOBUMIPHA I''JTPOAUHAMIYHA MOJEJIb 1T IHTEPAKTUBHOI PO3POBKH
TEXHOJIOTTYHUX ITPUCTPOIB HA BA3I IHAYKTUBHOI'O PO3PS Y

O.B. I'anon, O.M. laxoe, C.B. /lyoin, O.B. 3uxos, M.O. Azapenkos

Pozpobiieno nporpamue 3a0e3neyeH s ISl MOJCIIOBaHHS IPUCTPOIB, IO MICTATH IUIA3MY IHIYKTHBHOTO ra30BOTO
po3psany. BxigHUMU MaHWMH € TeOMEeTpist KaMepH, MOTY)XHICTh, TUCK poOodoro ra3zy. Po3spaxyHok mae Hampyry Ha iH-
IIyKTOpi, PO3IIOILT CTPYMY 10HIB Ha IMOBEPXHI PO3PSAIHOI KAMEPH, TPOCTOPOBI POTIOALIN SIEKTPUIHOTO IO, TYCTHHA
IUTa3MH, 1 eIeKTPOHHOI TeMIepaTypy B KaMmepi. Po3mominy mrykaHuX BENIWYHWH BiATBOPIOIOTHCS Y IpadivHOMY BHTIISAII
Oe3nocepeaHpo Mmicist 009YrCIeHHS. Pe3ynpTaTi 00YHCICHh PETENFHO IMTOPIBHIOBANIUCS 3 €KCIIEPUMEHTATBHUME TaHIMH.
Po3paxoBaHi po3mofiiu TYCTUHH Ta TEMIIEPATypH TUIA3MH, a TAKOXK PO3MOIIIN I0HHOTO CTPYMY Ha TOBEPXHI, IO 00po-
OIII€ThCS, BUTTISANAIOTE TOCHTH pearicTuaHo. [ padivunnit inTepdeiic, MBUAKICTE pO3paxyHKY, Ta Oe3mocepenHs Bizyali-
3aIist pe3yIbTaTy JaloTh MOKIIUBICTh BUKOPHCTOBYBATH JTaHE 3a0C3MEUCHHS IS iIHTEPaKTUBHOI pO3pOOKH TEXHOOT14-
HOTrO 0OJIa{HAHHA.
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